Abstract. A study was conducted in the city of Salto, Uruguay, to identify mosquito-producing containers, the spatial distribution of mosquitoes and the relationship between the different population indices of Aedes aegypti. On each of 312 premises visited, water-filled containers and immature Ae. aegypti mosquitoes were identified. The containers were counted and classified into six categories. Pupae per person and Stegomyia indices were calculated. Pupae per person were represented spatially. The number of each type of container and number of mosquitoes in each were analyzed and compared, and their spatial distribution was analyzed. No significant differences in the number of the different types of containers with mosquitoes or in the number of mosquitoes in each were found. The distribution of the containers with mosquito was random and the distribution of mosquitoes by type of container was aggregated or highly aggregated.
INTRODUCTION
Dengue fever, the most important arboviral disease affecting humans, is an increasingly significant cause of morbidity and mortality in tropical and subtropical regions worldwide. In the past 50 years, the reported average annual number of cases of dengue infections has increased 30-fold. 1 Dengue is of particular importance in Asia, the Americas, and the Western Pacific, where it has become increasingly endemic with epidemic outbreaks. 2, 3 In the 21st century, an estimated 40-50% of the world's population lives in countries endemic for dengue, emphasizing the urgency for finding solutions to control this vector-borne disease. 4, 5 In the absence of a vaccine, most efforts to control dengue are based on suppression, not eradication, of the peridomestic vector mosquito Aedes aegypti (L.) (Diptera, Culicidae); increasingly these efforts rely on reducing the number of larval breeding habitats. 6 How should such efforts be monitored? The commonly used Stegomyia indices have a number of serious shortcomings as epidemiologic indicators of dengue transmission and should thus be viewed with caution. The container index (CI), house (premises) index (HI), and Breteau Index (BI) fail to take into account variances in adult Ae. aegypti production of different containers, and to adequately provide information on per area or a per person densities, factors known to relate to levels of transmission. A pupal and demographic survey providing an estimate of the number of pupae per person (PPI) in a community is more appropriate for assessing risk and devising strategies for the mosquitoes' control. The number of pupae counted is used as a measure of adult productivity in the different containers because mortality among pupae and emerging adults of Ae. aegypti is usually low. 7, 8 However, Stegomyia indices continue to be commonly used.
In South America, Ae. aegypti has a geographic extension reaching the 15 C annual isotherm with 10 C in the coldest month (July). 9 Uruguay has been the southern limit of the dengue vector's distribution since 1997. Before this date, dengue had been absent from Uruguay for almost 40 years because it had been eradicated in 1958. 10 Because of its geographic location, Uruguay has long periods during which temperatures fall below oviposition and activity thresholds, and into the lethal range for the insects, as suggested by Christophers 11 and Focks and others. 12, 13 This finding sets apart the situation in Uruguay from situations in tropical countries where dengue fever is endemic.
Despite the efforts of the Uruguayan authorities (Ministry of Public Health, Municipalities) which involve public education, container disposal, monitoring with ovitraps and use of insecticides, 14 the vector's distribution has steadily increased and now occupies much of the Uruguay. 15, 16 Although no cases of indigenous dengue have been recorded, there is great concern that this situation may change. This survey was designed to identify, for the first time in Uruguay, the important Ae. aegypti-producing containers (their importance being a function of a container's abundance and its productivity) in peridomestic households to characterize the spatial distribution of Ae. aegypti populations in the residences of Salto, Uruguay, and to analyze the relationship between Stegomyia and PPIs and by survey dates. This information will be of critical importance for defining an intervention strategy to reduce Ae. aegypti populations with neighborhood participation. Because of exclusion of commercial properties from the survey, we were not able to identify other mosquito sources in the city. Further studies are needed to complement the information gathered in the present study.
MATERIALS AND METHODS
Study area and scientific team. The survey was carried out in the urban area of Salto, located in the northwestern part of Uruguay (31 23 S, 57 58 W). Salto has a population of 123,000 persons, an average annual temperature of 18.1 C (62.2 F) and 1,040 mm (41 inches) of rainfall. Aedes aegypti has been present in Salto since 1999. 17 The study involved researchers from the University of the Republic of Uruguay and the Ministry of Public Health (MSP according to its Spanish acronym), part of a multidisciplinary *Address correspondence to Cé sar Basso, Unidad de Entomología, Facultad de Agronomía, Universidad de la Repú blica, Av. E. Garzó n 780, 12900 Montevideo, Uruguay. E-mail: cbasso@adinet.com.uy team that used an ecosystem approach based on the principles of Ecohealth 18 in Uruguay (this approach formally connect ideas of environmental and social determinants of health with those of ecology and systems thinking in an action-research framework applied mostly within a context of social and economic development) 18, 19 to prevent and control the dengue vector. 20, 21 The results from this study will be integrated with the results from social research carried out by other researchers of the team, to formulate a multidisciplinary proposal to help prevent dengue fever in Uruguay.
Study design and sampling. On a digitized street-andbuilding map mounted in a geographic information system using ArcMap version 10.0 (ESRI, Redlands, CA), we defined 52 sites located along seven North-South transects of the streets of Salto. Each site was separated by approximately 500 meters from its neighbors ( Figure 1 ). In each site, 6 homes were randomly chosen, 3 on each side of the street within the same city block, for a total of 312 premises. Commercial buildings and vacant lots were systematically excluded. Three rounds of sampling were accomplished, each one lasting 5 consecutive days (February 18-22, March 10-14, and April [21] [22] [23] [24] [25] 2008 ). Ten teams of two people each, from the MSP, Ministry of Livestock, Agriculture and Fishing, Departmental Government of Salto, the Army and the Police participated in this sampling.
Each premise was inspected for artificial water-filled containers and immature Ae. aegypti mosquitoes (pupae and larvae). The containers detected were counted and classified into six categories based on their size and use in Uruguayan households: tanks (capacity 200 L, used to collect water), buckets (capacity: 5-20 L, used as troughs or not used), jars (capacity: 10 L, used for chores around the house), bottles (capacity: 1-2 L), tires and others (miscellaneous small containers, not used). All pupae and larvae detected were collected, placed in labeled vials, and transported to the laboratories of the Direcció n Departamental de Salud de Salto for taxonomic identification using the key of Darsie 22 and counting. The analyses only included larvae and pupae identified as Ae. aegypti. The pupal counts were used to calculate PPI.
To calculate the traditional Stegomyia indices (HI, CI and BI) for comparison with the PPI, each container was also scored positive or negative for Ae. aegypti larvae and/or pupae. According to the procedure of Focks, 8 the number of persons who had slept at the house the preceding night was also recorded.
Spatial representation and spatial analysis. To represent the pattern of spatial distribution of events (PPI) based on the corresponding coordinates, we used data interpolation and data smoothing using the Gaussian kernel. 23 This method enables estimating the probability of the occurrence of an event in each cell of a regular grid, with each cell of this grid being the weighted average of all values for that site. These values are assigned using a probability distribution function, in this case, Gaussian. The degree of smoothing is controlled by choosing a bandwidth that indicates the area to be considered in the calculation. This area should be related to the geographic scale of the hypothesis of interest or to prior knowledge about the problem under study. 24 In agreement with Souza-Santos and Carvalho 23 this analysis used a bandwidth of 300 meters based on dispersion of the female A. aegypti when they are not able to find suitable containers for breeding. 25 Next, the urban and geographic characteristics of the sites located in the city of Salto, the environmental conditions of the homes, the areas around houses and open spaces, and the characteristics of the population were described and analyzed. We used data from the Geographic Information System Arc-View detailing density and type of vegetation and construction, land size, sanitation systems, street and sidewalk paving, storm sewer systems, topography, floodplains, access roads to the city, transport terminals and the socioeconomic level of the population. This information was provided by the Departmental Government of Salto and was used in addition to our own calculations from cartography and photograph interpretation of satellite photographs from Google Earth and photographs taken in the city.
Statistical analyses. To investigate whether no significant differences existed between different sampling dates, the number of each type of container containing Ae. aegypti larvae and/or pupae (caused by the small number of immature mosquitoes found, larvae and pupae were used), and the number of mosquitoes in different containers was analyzed by using non-parametric Kruskal-Wallis analysis of variance. When significant differences were found, a Mann-Whitney test with a Bonferroni correction was used to verify between which dates differences existed. The relationship between the number of each type of positive container and the number of mosquitoes (larvae and pupae) in each for the total sampled data was analyzed by using a nonparametric Spearman's correlation coefficient. 26 The spatial distribution of the different types of containers identified in Salto (in the 52 sampling sites), and larvae and pupae of Ae. aegypti found in different containers was analyzed by using the Green's aggregation index 27 by date of sampling. Zero values or values close to zero, indicate a random distribution. Values less than zero (negative -0.10) indicate a uniform distribution, and positive values 0 indicate an aggregated distribution.
The CI, HI, BI and PPI values obtained on the different sampling dates were compared by using non-parametric Kruskal-Wallis analysis. We tested the null hypothesis that there were no significant differences between dates for each of the indices. When significant differences were found (P 0.05), the non-parametric Mann-Whitney test with Bonferroni correction was used to verify between which dates differences existed.
For the PPI, the non-parametric Mann-Whitney statistic was used to verify the null hypothesis that no significant difference existed between the second and third dates (the PPI for the first sampling date was excluded because information collected on the first day of sampling was not recorded correctly by the monitors). Correlations between the different indices calculated on different dates for each one of the 52 sampling sites (PPI not available for the first date) were analyzed by using the non-parametric Spearman's correlation coefficient. A significance level of P = 0.05 was used in all statistical analysis. All statistical analysis was conducted Past version 2.16, a free statistical software package. 28 
RESULTS
Aedes aegypti per type of container. No significant differences were found between different types of positive containers (Kruskal-Wallis = 14.56, P = 0.993) (tank, n = 24; buckets, n = 13; jars, n = 8; bottles, n = 8; tires, n = 13; others, n = 13), or between the number of mosquitoes (larvae and pupae) present in different containers (Kruskal-Wallis = 12.06, P = 0.997) (tank, n = 156; buckets, n = 254; jars, n = 91; bottles, n = 142; tires, n = 170; others, n = 255). No significant difference was evident between the three dates in the number of different types of positive containers (Kruskal-Wallis = 14.190, P = 0.064), or the number of mosquitoes (larvae and pupae) present in the different containers (Kruskal-Wallis = 3.399, P = 0.658).
Spatial distribution. In Salto, the number of different containers with mosquitoes generally showed a random spatial distribution (the index was lower or close to zero). Only bottles and other containers had an aggregated distribution on the second date of sampling (0.331 and 0.164, respectively).
When the number of mosquitoes (larvae and pupae) was considered by type of container, an aggregated or highly aggregated distribution was evident in all cases (index values = 0.16 and 1). The highly aggregated distribution was a result of the number of immature mosquitoes in jars (first and third sampling date = 0.703 and 1, respectively), bottles (third sampling date = 1) and other containers (first sampling date = 1).
Variation and relationship between indices. Comparison of Stegomyia indices for the three sampling dates showed significantly lower values for the CI, HI, and BI on the third sampling date compared with the second sampling date. For the first date, the indices showed intermediate values ( Table 1) . We found significant differences between March 10-14 and April 21-25 sampling dates for CI, HI, and BI. The PPI showed significant differences (Z = 3.75, P = 0.0001, by Mann-Whitney test) between March 10-14 (PPI = 0.12) compared with April 21-25 (PPI = 0.01).
The BI was significantly correlated (Spearman's nonparametric correlation) with the HI on the second (r = 0.482, P = 0.017) and the third (r = 0.935, P = 0.025) sampling dates, even when data for the three sampling dates (r = 0.479, P = 0.001) or the last two samples (r = 0.508, P = 0.004) were considered together. The PPI showed a significant correlation with the BI in the second sampling date (r = 0.683, P = 0.000) and when data from the second and third sampling dates were analyzed together (r = 0.602, P = 0.000). Also, the PPI showed a significant correlation with the HI in the second sampling date (r = 0.599, P = 0.002). The CI was not correlated with any of the other indices.
Spatial representation of PPI. To describe the urban and geographic characteristics of the sites located in Salto, thematic maps were created using data from Geographic Information System Arc View (Figure 2) . The highest PPI values were concentrated in sites 78 (PPI = 1.244), 36 (PPI = 0.684), 55 (PPI = 0.533), 77 (PPI = 0.450) and 65 (PPI = 0.250) (Figure 3) .
DISCUSSION
Despite the intensive efforts of the program in Uruguay to minimize the population of Ae. aegypti (public education, container disposal, monitoring with ovitraps, and use of insecticides) this study clearly confirms that the species is abundant in Salto. The vector did not show a preference for key epidemiologic containers when considering the number of different containers with mosquitoes, or the number of immature mosquitoes found inside containers. This finding would have been a useful tool for prioritizing vector-control interventions as has been suggested by other authors. 7, [29] [30] [31] [32] [33] [34] [35] The low population numbers of Ae. aegypti in Salto, reported in this study, may explain these results.
The aggregated or highly aggregated distribution of the number of mosquitoes (larvae plus pupae) by container type reported in this study is in agreement with results obtained by Reuben and others 36 and Barrera and others. 31 This finding indicates that mosquitoes were present in a small number of total containers, most samples did not contain mosquitoes, and few containers contained most mosquitoes according to the phenomenon of overpopulation in the containers. This type of mosquito distribution has important ramifications for determining sample size in future studies. This is important if the vector population estimate is to be representative. The sample size should be smaller if the pupae are heavily concentrated in a small number of types of containers. Conversely, a larger sample size is needed if mosquitoes are scattered over a greater number of container types. 32 However, the spatial distribution of the containers with larvae and/or pupae was mostly random (except for bottles and other containers in the second sampling). Because it is well known that in nature many species of insect tend to increase in numbers in favorable places, 37 our results indicate that the distribution of Ae. aegypti in Salto may be more heavily influenced by effects of micro-environmental conditions on container productivity, rather than on differential spatial distribution of the containers.
The highest PPI values found in sites 36, 55, 65, 77 and 78 represent a specific risk situation because in each of these locations there would be a greater possibility of dengue transmission if the virus were present. Site 36 is located in the center of the city, in the true urban sector with old and emblematic buildings, institutional buildings, homes that have backyards with lush vegetation, stores, and commercial regions. Sites 55 and 65 are in southeastern sector of the city, which has a suburban character, separated houses with gardens, and plenty of vegetation around the houses and in public spaces. The predominant homes are of middle and middle-lower socioeconomic level. Sites 77 and 78 are on the northeastern and eastern edge of the city, on main access routes (where goods and persons arrive and the old and new rail terminal and passenger terminal are located), in an area with large, poorly cared for housing estates with abundant vegetation, warehouses, sports fields, houses for lower and medium socioeconomic class families and industry sites.
The highest PPI values at the edges and center of the city in areas with abundant vegetation, coincides with those of Barrera and others, 31, 38 who found that container productivity was positively and significantly associated with the number of trees per premise and water volume. Other conditions beneficial to Ae. aegypti, as mentioned elsewhere, were present at some of these areas, such as poorly-maintained houses, 30 neighborhoods along or contiguous with the principal roads and points of access (leading to an influx of people and goods), 39 unplanned urbanization, 40 and warehouses that create conditions for risk areas. Such relationships should be the subject of future studies in Uruguay and used for selecting for disposal those containers that are exposed to environmental conditions conducive to greater Ae. aegypti productivity.
Higher indices (CI, HI, BI, and PPI) recorded during the second sampling compared with the third sampling may have been caused by the fact that after a previous extensive drought, 58.8 mm of rainfall occurred in the 15 days before the start of the second sampling versus the 1.7 mm before the third sampling. 41 Rain is one of the abiotic factors that influence the existence of breeding sites and the emergence of Ae. aegypti adults when water-filled containers are present. 38 Only BI and HI showed a significant correlation between them, as did the BI and PPI, although only in some samples and only when data from several sampling dates were considered together. This result differs from that reported by Bisset and others, 42 who indicated that although each of the three Stegomyia indices was closely correlated with the other two indices (P 0.05 for each), no statistically significant correlations were observed between any of the pupal indices calculated (the numbers of pupae per person, per container inspected, and per hectare) and any of the Stegomyia indices.
If one considers that non-quantitative studies have been performed in Uruguay, this study of the relative abundance of containers with immature Ae. aegypti mosquitoes, their spatial characterization, and the relationship between indices (especially PPI) contributed to generate information that would make it possible to implement in the future a strategy based on the elimination of containers to reduce the risk of dengue epidemics. This implementation would help to direct health interventions and create more financially sustainable campaigns against Ae. aegypti.
The location of Uruguay at the southern edge of the distribution of Ae. aegypti in South America, with climatic conditions that limit but do not prevent increasing abundance of this vector during the non-winter period of the year, indicates that this country is well situated for studies of Ae. aegypti ecology, particularly with respect to increases in distribution as a result of climate change.
